Metabolic processes in milk-producing cows are substantially modified that is the main reason of different abnormalities in the reproductive function. At the same time the pattern of metabolic changes and its influence on the reproductive capacity in high-producing dairy goats (Capra hircus) are yet unknown. The aim of the present work was to study the activity of metabolic enzymes in the blood of Saanen goats depending on the period of the reproductive cycle and the competence for pregnancy maintenance. We analyzed for the first time alterations in the serum activity of enzymes, regulating the intensity of protein-carbohydrate and energy metabolism including integration of metabolic processes, at different stages of goat gestation as well as prior to the mating period in animals with the negative outcome of the subsequent pregnancy. The enzyme status of animals was assessed during the pre-mating period, the first half of pregnancy (1.5-2.5 months), and the second half of pregnancy (3.5-4.0 months). Goats were divided into two groupswith the completed reproductive cycle (the birth of viable offspring, n = 15) and with the interrupted reproductive cycle (abortions in the second half of pregnancy, n = 6). Samples of blood serum were tested to determine concentrations of total protein and activities of several enzymes: aspartate aminotransferase (AST, EC 2.6.1.1), alanine aminotransferase (ALT, EC 2.6.1.2 ), gamma glutamyltransferase (GGT, EC 2.3.2.2), creatine phosphokinase (CPK, EC 2.7.3.2), alkaline phosphatase (ALP, EC 3.1.3.1), lactate dehydrogenase (LDH, EC 1.1.1.27), and alpha hydroxybutyrate dehydrogenase (isoenzymes of LDH: LDH-1 and LDH-2). In goats with the completed reproductive cycle, the blood activity of AST in the second half of pregnancy was found to be 1.2 times lower (p < 0.05) than during the pre-mating period or the first half of pregnancy. The activity of ALT in the blood serum of the animals increased 1.3 times (p < 0.01) by 1.5-2.5 months of pregnancy as compared with the pre-mating period and then decreased 1.9 times (p < 0.001) by 3.5-4.0 months of pregnancy. Furthermore, there was a decline in the blood activities of GGT (1.3 times, p < 0.05), CPK (1.9 times, p < 0.01), and isoenzymes LDH-1 and LDH-2 (1.3 times, p < 0.05) and a rise in the activity of ALP (1.4 times, p < 0.05) between the first and the second half of pregnancy. During the pre-mating period, a lower activity of ALT and GGT was revealed in goats with the interrupted reproductive cycle as compared with animals retained pregnancy (14.4±2.9 vs. 20.1±0.7 U/l, p < 0.05 and 43.8±2.4 vs. 54.7±4.2 U/l, p < 0.05, respectively). The results of this research suggest a reduction in the intensity of some metabolic processes in the goats by the fourth month of pregnancy to maintain increased fetus demands. Analysis of the findings also indicates that the activity of enzymes, regulating the coupling of protein and carbohydrate metabolism, in the blood of goats during the pre-mating period may be related to their subsequent capacity for fetus bearing.
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Keywords: goat, saanen breed, pregnancy, metabolism, blood enzymatic activity, transferases Currently, development of dairy goat breeding in both Russian Federation and foreign economically developed countries is aimed at the creation of large farms of industrial type [1] . At the same time, herd formation at large goat breeding farms is widely practiced in Russia as a result of the purchase of Saanen goats belonging one of the most highly productive breeds in the world [2] . Improvement of milk production is known to potentially violate a number of physiological functions, including reproduction, which is primarily due to meta-bolic modifications [3] [4] [5] [6] . However, the pattern of metabolic changes and its effects on the reproductive capacity in dairy goats are yet unknown. Attempts have been made to define a metabolism-reproduction association in dairy goats. Thus, blood levels of certain metabolites and metabolic hormones have been studied during postpartum period and depending on goat gestation, gestation toxemia, and the number of lambings [7] [8] [9] [10] . In addition, a comparative analysis of metabolic enzyme activity was performed in meat and dairy breeds with the different numbers of kids in the litter [11] . However, the available data do not allow to conclude on the association between metabolic types and the presence of reproductive disorders in dairy goats.
Earlier, we have studied biochemical blood parameters and metabolic interrelations in high yielding cows at different physiological periods and in connection with the service period [12] [13] [14] [15] . In particular, we have found that under similar feeding and housing conditions, animals have varying ability to adapt to the metabolic imbalance. In the dry period and at the end of milking period, metabolism was characterized by an increased blood alanine aminotransferase activity (ALT, EC 2.6.1.2) in the cows of higher reproductive potential. Considering the role of ALT in the glucose-alanine cycle, the results indicated the involvement of protein and carbohydrate metabolism in maintaining cows' reproductive capacity in the critical physiological periods.
In dairy goats, reproduction intensity was largely determined by the capability to maintain the pregnancy [16, 17] . However, infections of various etiology are not the only factor resulting in abortion as they were revealed in less than 40 % of abortion [17] [18] [19] . The causes of the above pathology have not been determined almost in the half of examined animals. This suggests that a change in the nature or the intensity of metabolism may be one of the reasons for adverse pregnancy outcomes in high yielding goats. Indeed, one of the actual problems of high-yield dairy cattle breeding is gestational toxicosis, which is manifested in the violation of the immune, endocrine, anti-oxidant, and metabolic status of maternal organism [20, 21] . The failure of the mother's adaptive systems to provide the fetus requirements results in various negative consequences, including abortion, premature birth and reduced viability of offspring.
For the first time, we analyzed the alterations in the serum activity of enzymes which regulate the intensity of protein-carbohydrate and energy metabolism including integration of metabolic processes, at different stages of goat gestation and prior to the mating period in the animals with negative outcomes of subsequent pregnancies.
Our purpose was to study the blood metabolic enzymes' activity in the of Saanen goats depending on the period of reproductive cycle and the competence for pregnancy maintenance.
Technique. Studies were performed in the Prinevskoe JSC stud farm (Leningrad region) in 2010-2011. Saanen goats (Capra hircus) Saanen (n = 21) aged 3.5 years with an average annual milk productivity of 690-750 kg were the examined. Animal diet complied with the zootechnical standards accepted at the stud farm.
Biochemical parameters were assessed during the reproductive cycle: prior to the mating season (10 days before thee male goat mating), in the first (1.5-2.5 months) and second (3.5-4.0 months) halves of gestation which coincided with the dry period. Blood was sampled by jugular vein puncture in 3-4 hours after feeding. Based on pregnancy outcomes, goats were divided into 2 groups: I -with the completed reproductive cycle (birth of viable offspring, n = 15), II -with interrupted reproductive cycle (abortions in the second half of gestation, n = 6). Blood biochemistry parameters were not studied in 3.5-4.0 months (second half of gestation) in group II animals because of interrupted pregnancies.
Blood serum samples were tested for total protein and activities of several enzymes: aspartate aminotransferase (AST, EC 2.6.1.1), alanine aminotransferase (ALT, EC 2.6.1.2 ), -glutamyltransferase (GGT, EC 2.3.2.2), creatine phosphokinase (CPK, EC 2.7.3.2), alkaline phosphatase (ALP, EC 3.1.3.1), lactate dehydrogenase (LDH, EC 1.1.1.27), and -hydroxybutyrate dehydrogenase (isoenzymes of LDH: LDH-1 and LDH-2). Total proteins and enzyme activity were measured using commercial kits (DIALAB, Austria; Randox Laboratories, UK). The results were registered photometrically using a biochemical analyzer RX Daytona (Randox Laboratories, UK).
Biochemical parameters obtained were processed by one-way ANOVA using SigmaStat software (Systat Software Inc., USA). The significance of differences was estimated using Tukey's test for normal distribution or Dunn's test for the absence of normal distribution, the accepted significance level was p < 0.05. Correlations were calculated using Spearman's rank correlation coefficient
Results. According to most researchers, the energy balance is the main factor determining the realization of reproductive potential in dairy cattle [22] . Earlier, we have obtained the data on the role of protein and carbohydrate metabolism in maintaining reproductive ability of cows during the critical physiological periods [12] [13] [14] [15] . Therefore, the enzymes that regulate carbohydrate and protein, and energy metabolism in animals were subjected to the study, particularly ALT and AST the activity of which was related to the reproduction intensity in high yielding cows [12, 15] . In addition, differences in GGT, CPK, ALP, and AST activity were found in meat and dairy goats with different number of kids per litter [11] , which was also the basis for the study of these enzymes.
A comparison of biochemical parameters revealed differences in blood enzyme activity in Saanen goats in the course of a complete reproductive cycle (Table 1) .
Activity of blood AST which catalyzes the reversible reaction of aspartate transition to oxaloacetate was found to be lower in the second half of gestation compared to pre-mating period or the first half of gestation (p < 0.05). The activity of serum ALT involved in the mutual transformations of alanine and pyruvate increased by gestation months 1.5-2.5 versus pre-mating period (p < 0.05), followed by a decrease by gestation months 3.5-4.0 (p < 0.001). In addition, there was a negative correlation between the activity of both enzymes and gestational age (r = 0.690 and r = 0.634 for AST and ALT, respectively, p <0.001).
De Ritis ratio (AST/ALT) which characterizes the ratio of catabolic and anabolic processes in the body [23] , was 2 times higher in the second half of gestation versus the first half (p < 0.01) which was the result of a 2-fold reduce in ALT activity. These findings indicate a simultaneous reduction in the intensity of tricarboxylic acid and glucose-alanine cycles with a shift of metabolic processes towards catabolism in maternal organism by the end of gestation. This conclusion is consistent with the data on total blood protein level which changed with the change in ALT activity unidirectionally, although the change was less significant and was negatively associated with the gestational age (r = 0.444, p < 0.05). Earlier, in the investigation of blood protein and carbohydrate metabolism enzyme activity in Black-and-White heifers, we found a similar decrease in ALT and AST in gestation months 7-8, which is obviously due to the need to meet the increased fetal requirements in energy and proteins [15] . However, de Ritis ratio was decreased or remained unchanged in heifers (unlike goats) by the end of pregnancy, which is consistent with the data on their ana-bolic metabolism until the last 2-3 weeks of gestation [24] .
1. Blood biochemical parameters in Saanen goats (Capra hircus) during the completed reproductive cycle (X±SEM, n = 15, Prinevskoe JSC stud farm, o t e. AST -aspartate aminotransferase, ALT -alanine aminotransferase, GGT --glutamyltransferase, CPK -creatine phosphokinase, ALP -alkaline phosphatase, LDH -lactate dehydrogenase, LDH-1 and LDH-2 -isoenzymes of lactate dehydrogenase. Significant differences between parameters for physiological periods: ab p < 0,05; cd p < 0,01; ce p < 0,01; de p < 0,001; fg p < 0,01; hi p < 0,05; jk p < 0,01; lm p < 0,01; ln p < 0,001; mn p < 0,05; op p < 0,05.
Blood GGT activity in the first half of gestation was not different from that in pre-mating period, but decreased sequentially by gestation months 3.5-4.0 (p < 0.05). In addition, it correlated with gestational age negatively (r = 0.588, p <0.01). One of GGT functions is known to be related to the regulation of amino acid transport into the cells via -glutamine cycle. Therefore, the reduced activity of this enzyme in the second half of gestation may indicate a decrease in the availability of amino acids in the mother's body both for protein synthesis and as glucogenic substrates.
The activity of CPK which catalyzes the reversible transfer of macroergic phosphates from ATP to creatine and from creatine phosphate to ADP decreased in goat blood (p <0 .01) in the second half of gestation and was negatively related to the gestational age (r = 0,574, p < 0.01). This change in CPK activity indicates a decrease in the intensity of energy metabolism by the end of pregnancy.
On the contrary, the activity of ALP which is involved in nonspecific dephosphorylation and phosphorus transport through cell membranes was increased by 1.5-2.5 months of gestation (p < 0.05), and then continued to rise to 3.5-4.0 months (p < 0.01). At the same time, we found a positive correlation between ALP activity and the gestational age (r = 0.456, p < 0.05). Increased ALP activity in goats during pregnancy was apparently due to one of its isozymes, the placental ALP [25] . We can not exclude a compensatory role of this increase in the total energy metabolism against a decrease in activity of tricarboxylic acid cycle, glucose-alanine cycle, etc. Indeed, no increases in blood AP activity are observed in Black-and-White heifers in which the anabolic character of metabolism is maintained in the late gestation [15] .
Activity of blood glycolytic enzyme LDH which catalyzes the reversible conversion of lactate to pyruvate reaction did not differ in goats during the reproductive cycle. Lack of relevant changes for LDH in different gestation phases has also been noted earlier in heifers [15] . At the same time, the activity of LDH-1 and LDH-2 isozymes which support aerobic glycolysis, decreased in the second half of gestation (p < 0.05). Data analysis revealed the presence of a significant negative correlation between the gestational age and the total activity of the two above LDH isoforms (r = 0.546, p < 0.01). These isozymes that are present mainly in the heart muscle, erythrocytes, platelets, brain and kidney tissues, have a high affinity for lactic acid and convert it efficiently into pyruvate for subsequent inclusion in tricarboxylic acid cycle. A decrease in LDH-1 + LDH-2 activity indicates a reaction shift toward formation of lactate and, thus, a reduction in the Krebs cycle intensity, at least in cells of the above types, which agrees with the detected decrease in AST activity in the second half of gestation. In addition, these findings give reason to believe that the lactic acid excess in goats in this period is transported to the bloodstream of the fetus and can be used by the latter for the synthesis of non-essential amino acids and lipids and as an energy substrate (after oxidation to pyruvate). The same is known to take place in sheep [26] . This assumption is also evidenced by the data on the increased fetal lactate uptake rate in horses by the end of pregnancy [27] .
Thus, activity of some enzymes related to protein-carbohydrate and energy exchange decreased in Saanen goats by gestation month 4. Decreased activity of certain blood enzymes was also observed in the second trimester of pregnancy in women [28] and in the third trimester of gestation in heifers [15] . This suggests that at certain stages of pregnancy (specific of mammal species), maternal organisms start to function in the mode of saving own resources to maintain increased fetal requirements
When comparing blood enzyme activity in pre-mating period, differences in ALT and GGT activity were found in goats with different capacity to maintain pregnancy (Table 2 ). Blood ALT and GGT activity in the animals with interrupted reproductive cycle was considerably lower compared to the goats with retained pregnancy (p < 0.05). At the same time, there were no significant differences in blood biochemical parameters in the animals of compared groups in the first half of gestation (see Table 2 ). The increase in blood ALT activity by gestation months 2-3 had different intensities in the two groups. It increased 1.3 times (ð < 0.001) in the goats with completed reproductive cycle and 1.8 times in the goats with interrupted cycle. At the same time, blood GGT activity in the first half of gestation did not differ from that in premating period in both goat groups. AST -aspartate aminotransferase, ALT -alanine aminotransferase, GGT --glutamyltransferase, CPK -creatine phosphokinase, ALP -alkaline phosphatase, LDH -lactate dehydrogenase, LDH-1 and LDH-2 -isoenzymes of lactate dehydrogenase; group I -animals with completed reproductive cycle (birth of viable offspring), group II -animals with interrupted reproductive cycle (abortions in the second half of gestation). * Intergroup differences are significant at p < 0.05.
Thus, the enzyme status of goats with interrupted reproductive cycle (abortion in the second half of gestation) is characterized by reduced ALT and GGT activity in pre-mating period. This demonstrates the reduced intensity of glucose-alanine and -glutamine cycles and hence the decreased gluconeogenesis rate in the formation of mature oocytes in the ovary. To date, adequate glucose provision for maturing mammalian oocytes has been found to be crucial for their capacity of further embryonic development [29, 30] . In this, glucose entry into the blood in ruminants is mainly provided by gluconeogenesis. Earlier, we have demonstrated that decreased blood ALT activity in high yielding cows at the end of milking period (before the onset of pregnancy) is associated with the increased duration of service period [12, 13] which is known to be largely depend on embryonic and early fetal mortality [31] . Data obtained in dairy goats point to a possible link between the intensity of gluconeogenesis in premating period and oocyte quality characteristics that determine fetal capacity to survive in the later gestation period.
Is necessary to note that female fertility may be affected not only by metabolic, but also by immune, endocrine, oxidative and other factors that were beyond the scope of this study.
Thus, the comparative study of metabolic blood enzymes in the high productive Saanen goats in pre-mating period and during gestation suggest a reduction in the intensity of some metabolic processes in the animals by the fourth month of pregnancy to maintain the increased fetal requirements in energy and metabolic substrates. Our findings also demonstrate that the activity of enzymes which regulate relationship of protein metabolism to carbohydrate metabolism in goat during the pre-mating period may be related to the subsequent fetus maintenance.
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